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•--:> System (SAS) OFF dynamic response, not attributed to the VOLCANO Installation, was

aperiodic and divergent. The UH-60A helicopter with VOLCANO failed to meet two require-
ments of the Prime Item Development Specification;. )|however, these noncompliances
were not significant. Recommendations were made to incorporate data into the applicable
portion of the VOLCANO operator's manual and to conduct additional testing.
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INTRODUCTION

BACKROWND

1. The U.S. Army is Investigating the potential of the UJE-60A
Black Hawk helicopter for carrying the 1*-139 VOLCANO mine die-
penelsg system. The airborne dispensing systems designed to
launch a mix of anti-tank and anti-personnel mines, was developed
by the U.S., Army Aviation Research, Development and Engineering
Center In conjunction with the Program Manager for Mines, Counter-
mine* and Demolition. The development ef fort was Initiated In
response to a requirement of the NIgh Technology Light Division
for a helicopter nine dispensing system. The prime development
contractor for the XW-139 VOLCANO system is Honeywell, Inc. The
U.S. Army Armament, Itanitions, and Chemical Coeeand has been
tasked w~th systems production and has in turn requested support
from the U.S. Army Aviation Systems Command (AVSCO) for qualifi-
cation of the airborne system. On 14 November 1966, AYSOON
tasked the U.S. Army Aviation Engineering PIligt Activity (ARA)
(ref 1,* app A) to plean, conduct and report on a Preliminary
Airworthiness Evaluation (PAZ) of the UI-60A with the IN-139
VOLCANO mise dispensing system Installed.

TEST ODJECTIVE

2. The objective of this evaluation me. to conduct a limited
havdling qualities and performwars evaluation of the UR-4A
helicopter with the 131-139 VOLCAN system mestalled. Data will
he used by AYSCOM to determine the airworthiness of the VOLCAN
Installation and the associated limitations to the UE-GOA flight
envelope.

DESCRIPTION

3.* The UE-60A is a twin-e"ngin, single main rotor confiured
helicopter with a fixed wheel-type loanding gear. The main and
tail rotors are both four-bladed with a capablity of imosal
maia rotar blade and tail pylon folding. A movable horisontal

3. stahilatue is located on the lower portion of the tail rotor
"pyon. A more detailed description of the UN-40A helicopter to
contained In the operator's manual (ref 2). The test helicopter,

* UN-40A Black Hawk, U.S. Army S/N 84-23953, equipped with fixed
H provision mounting points, was configured with the VOLCANO mine
* dispensing system (photo 1). The VOLCAVJ system evaluated COn-

siated of four launching racks loaded with 160 slug (Inert)
mine canisters, the aircraft mounting kit hardware, and fully
operational rack jettison mchanism@. The Dispenser Control

Unit was not Installed for this evaluation. The VOLCANO syeten



Photo 1. UH-60A Test Aircraft SIN S4-239S3 with UH-139 YOLCAND
Nine D-1speuwer System Installed
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wae mounted on the sides of the aircraft fuselage outboard of
the sliding doors. A more detailed description of the VOLCANO
nine diapensing s)stea is included in references 3 and 4, and in
appendix 3.

TEST SCOPE

4. The PAR was performed b; ARFA personnel at the Sikorsky Flight
Test Facility ut West Palm Beach, Florida (elevation 28 feet).
Tests totaling 22.4 hours of productive flight timm were conducted
between 31 January and 77 February 1287. The contractor provided
all uaintenanca and logistical support of the test aircraft and
test instrumentation and provided data reduction support. Tests
vere conducted to determine handling qualities and performance
of the UR-60A in the VOLCANO system configuration at an average
mission gross weight of 20,500 pounds and a longitudinal center
of gravity at fuselage station 351.0. Results were compared to
the requirements of NIL-I-8501A (ref 5, app A). Flight restric-
tions and operating limitations observed throughout the evaluation
are contained in the operator's manual (rif 2) and the aitrworthi-
noes release issued by AVSCON (ref 6). Test1=3 was conducted in
accordance with the approved test plan (ref 7) at the conditions
shown in tables 1 and 2.

TEST METHODOLOGY

5. The flight test data were recorded by hand from test instru-
mentation displayed in the cockpit, by on-board magnetic tape
recording equipment and via telemetry to Sikorsky's Real-Time
Acquisition and Processing of Inflight Data system. A detailed
listing of tedt instrumentation is contained in appendix C.
Flight test techniques and data reduction procedures are described
in appendix D.

3



Table I. Level Plight Performnce Test Conditional

Average Average LonAitudinal Average
G Oro Thrust Center of 1 flnstty AirsojeedI
Weight Coefficient C Gravity lAltitudet Range

(1h) F%.) (ft) ("TAg) 3 1Configurationl

17,720 79.6 350.4 I 7930 149 to 160
17,R40 90.22 350.*9 10,R70 11 to 151 Worwal
17:820 1I0.40 350.9 13,290 153 to 133 Utility

20,450 1 79.85 35n.7 3,010 144 to 12RI
I 20,5M0 P9.9P 350.7 I 6,260 146 to 1241 VOLCANO
I 20,650 99.% 3Y I 9, 330 149 to 1ll Installed

1Tests condited vith doors and windows closed, SAS 3#, PRA centered
and locked, and engine bleed air svytems (FM. Main rotor speed of
25R referred rpm, approximate mid lateral enter of pravity location.

2 pS: rPuelage station.
IYTAS: Rnots true airspeed.
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Table 2. Randlini fualittes Test Conditions!

TAverage Average Trio

4verage Longitudina l Density Calibrated
Gross I Center of Altttoe Airepeed

vaight I •revtly (ft) ! (kt)
Type of Tos (b) 1 (l72)4 Remarks

Control poeittes d ina 790 1 350.7 7.910 to 42 to l1 |Normal utilty coaf-

i:4;rt;;:i:;t:r eigh qr l n to • orernslut • o
alltha3*4 orar 1• "32 oatnSoVLAO

I 20,60m 350.9 3,010 to 1 2 to 122 |VOLCANO tinsalled

IStatic Lomtutnra1 20.6" 131.2 2490 P1 and Ill JLevel flight

St t blltty3 6 4390 j d

I I'Sl n |I P P Nll (I and 10

S20,460 35t.1 SON0 1 1 W lmb id10

l iIM do etaest

M~aneuveritg t I end FYI OFF. Left sad
S. S 20,70 11 4 and 1l2 lriht stLe dy tflg ,

I I IayinSrabal pull-7pe
___________0___0 35. ____"_ 11 ________ clmb and___ 100 lad uee

"aftteu 1e30. 3110 1 ILeel Ml t0.sI ad and
aStabilty 3  1 -. 1 r J4anF0lT eady d on,I034 I 130.1trca pol-up

120,560 ! 3S01 t 450 62 slan It"O tl~ed VM Otl

I I __ __ __to I

Controllability Wee
In Rover 20,360 I 350.4 I -160 0 eel eight 50 feet

0 to 40 Aetouthat 0", W0, 100",Low Speed Flight 20, 4"0 350.9 290 ( 4TAR)e 270". 3150. ,9,1
heAght j 0 feet

Simelated Sitcle- 20,310 350.0 S140 2 to 117 Level flight
Engine Feilures3  I ____

20,170 39.6 5260 a 8 ITRP climb

NOTES:

ITeat etAducted with VOLCANO installed and AM ON uales. otherwise indicated, PMA centered
and locked. Rotor speed of 236 rpm, end aid lateral center of gravity location.ups: Pueelage etation.

STeot conducted in bell-ceotered flipht.
41n conjuactioa with level flight performnce, trim and FF1 OM.F
SIMP, ltermediate rated power.

pefal Feet per Minute
7A5t Stability Aunoegtation Systen.

FPIat Flight Path Stabilieation.
'ITAS: knots true airspeed.
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RESULTS AND DISCUSSION

6. A Proliminary Airworthiness Evaluation (PAP) of the per-
formance and handling qualities of the ITH-60A with the XM-139
VOLCANO mine dispensing system installed was conducted at the
Sikorsky Aircraft De.'elopment Plight Teat Center at Vest Palm
Reach, Florida. The handling qualities of the tV-60A with the
VOLCANO system Installed were similar to the normal utility
tP"-60A. Three shortcomings were noted In this configuration:
(1) the increased frequency and magnitude of "tail shake" with
the VOLCANO installed; (2) the position error for the ship's
airspeed system was increased by approximately 2 knots at low
speed (45 knots calibrated airspeed (KCAS)) and approximately
R knots at higher speeds (120 XCAS) due to the Installation of
the VOLCANO mine dispensiag system; and (3) Stability Augmentation
System (SAS) OFF dynamic response, not attributed to the VOLCANO
installation, was aperiodic and divergent. The IM-60A helicopter
with VOLCANO failed to meet two requirements of the Prima Item
Development Specification (PID) (ref 8, app A), however, these
noncompliances were not significant. Recommendations were made
to incorporate data into the applicable pottion of the VOLCANO
operator's manual and to conduct additional testing.

1LEVFL FLTC.HT PERFORMANCE

7. Limited performance flight testing was conducted on the ITH-60A
helicopter to determine the performance differences between the
IT1-60A helicopter with the fixed provision fairings installed
(normal utility) and the tHI-60A configured with the VOLCANO
svstem. Level flight performance tests were conducted at the
conditions listed in table I to determine power required at
various airspeeds. Fach test was flown in ball-centered flight.
Nondimensional level flight test results in the normal utility
configuration are presented in figures I through 3, appendix R.

"iPengionAl level flight test results are presented in figures 4
throilqh 6. The VniCANO configuration test results are presented
in figtures 7 through 9. with the VOLCANO installed on the Il'-60A
helicopter, change in equivalent flat plate area (A Fe) varied
as a function of thrust coefficient (CT) and airspeed from approx-

imately 42 sq ft at a CT of O.OO to approximately 55 sq ft at
a CT of n.010 as described in paragraph In, appendix D. A
pitch attitude difference, caused by the VOLCANO installation,
was noted. At 40 KCAS, the normal utility aircraft and the
1l1-60A with VOCrANO exhibited the same pitch attitude. However,
at R0 KCAS, the ITH-60A with VOLCANO exhibited a 2* increased
nose down pitch attitude when compared to the normal utility
aircraft. This pitch attitude difference increased to 3* at

6



12l KCAS. The following CAUTION should he tncorported into the

operator's manual.

CAUTION

Prior to installation of the VOLCANO system,
ensure that modified input modules (P/N
7035108001-046) have been in-.talled in the
aircraft. The increased nose-down pitch
attitudes during level flight when the
VOLCANO sytem it installed may result in
oil foaming and inadequate lubrication
without the required gearbox modification.

HANDLING QUALITIES

General

S. A limited handling qualities evaluation of the UNI-60A con-
figured with the VOLCANO mine dispensing system was conducted to
determine any changes caused by the VOLCANO installation. Handling
qualities of the UR-60A in the test configuration were qualita-
tively evaluated and found to be similar to the normal utility
configured UH-AOA. During a 40 knots indicated airspeed (KlA)
collective-fixed turn at 45 degrees angle-of-bonk, the o4 repeed
indication would abruptly decrease to zero. Airspeed could not
be increased by application of forward cyeltc in the turn. This
condition of zero airspeed turn, which was not VOLCANO related,
was perceived by the pilot as similar to a fixed-wing aircraft
in a spin. Also not caused by the VOLCANO installation, the
SAS OFF dynamic stability was aperiodic and divergent. With
the VOLCANO installed, the aircraft exhibited an increased fre-
quency and magnitude of "tail shake".

Control Positions in Trimed Forward Plight

9. Control positions in trimmed, ball-centered, forward flight
were obtained in conjunction with level flight performance testing
at the conditions in table 2. Figures 10 through 15, appendix R,
present the results of these tests. The variation of longitudinal
control postion with airspeed during trimed level flight general-
ly required increasing forward cyclic control with increasing
airspeed. The control positions in trimed forward flight are
similar to the normal ITH-60A and are satisfactory.



Static Longitudinal Stability

10. The static longitudinal st- •ility characteristics were evalu-
ated at the conditions presented in table 2. The helicopter was
stabilized in ball-centered flight at the desired trim airspeeed
and flight condition. The collective control was held fixed
while airspeed was varied incrementally approximately ±20 knots
about trim. Test results are shown in figures 16 through 18.
The static longitudinal stability, as indicated by the variation
of longitudinal cyclic control position with airspeed, was
positive (0.025 in/kt) (forward longitudinal cyclic control
position to maintain increased airspeed) &t 81 KCAS, but neutral
at maximum airspeed in level flight at intermediate rated power
(IRP) VH (118 KCAS). Control force cues of longitudinal cyclic
control displacement about trim were weak, but sufficient for air-
speed cuntrol within + 2 knots during normal mission maneuvering.
The static longitudinal stability characteristics were essentially
the same during climbs, descents, and level flight and were
similar to the normal utility UH-60A. The static longitudinal
stability characteristlcs are satisfactory, but did not meet the
requirements of MIL-H-8501A in thnt the static longitudinal
stability was neutral at VH.

Static Lateral-Directional Stability

11. The static lateral-directional stability characteristics were
evaluated at the conditions presented in table 2. The helicopter
was stabilized in ball-centered flight at the desired trim air-
spt.ed and flight condition. The collective control was held
fixed and sideslip angle was varied incrementally (left and right)
while maintaining constant airspeed and ground track. Test
results are shown in figures 19 through 21. Apparent static
directional stability, as indicated by the variation of direction-
al control position with sideslip angle, was positive (left pedal
for right sideslip angles) and essentially linear. Dihedral
effect, as indicated by the variation of lateral cyclic control
position with sideslip angle, was positive (right cyclic control
for right sideslip angles) and essentially linear. The sideforce
characteristics, as indicated by the variation of bark angle with
sideslip, were positive (right bank angle with right sideslip).
The TTII-60A exhibited pitch with sideslip coupling (variation of
longitudinal control position with sideslip) and although it was
noticeable to the pilots it was not considered objectionable.
During the 83 KCAS climb, the left pedal stop was contacted at
approximately 21 degrees right sideslip angle, 2 degrees prior
to reaching the limit sideslip angle of 23 degrees right. This
was not considervi to be a significant finding. The static
lateral-dlrection,' stability characteristics were essentially



the sase during climbs, descents, and level flight. Vuring
cruise flight, the aircraft trim condition wos maintained within
+2 degrees of heading and bank angle, and +1/2 ball width from
trim with little pilot compensation (Wandirn, Qualities Rating
Scale (HORS 2)). The static lateral-directional stability charac-
teristics in all flight conditions are satisfactory and nmt the
requirements of MIL-R-801A.

Maneuvering Stability

12. Maneuvering stability was evaluated at the conditions pre-
sented in table 2 in left and right collective-fixed, steady-state
turns, symmetrical pull-ups and pushovers. The steady-state turn
tests were accomplished by initially stabilizing the helicopter
in ball-centered level flight at the trim airspeed and then
incrementally increasing the normal acceleration (S) by Increasing
the bank angle in left and right turns. Constant collective
control position was maintained during the maneuvers and the
pilot attempted to maintain a constant airspeed. Symetrical
pull-ups and pushovers were conducted by alternately climbing
and diving the helicopter to achieve varying g while the aircraft
was passing through the trim altitude at the desired airspeed.
Test results are presented in figures 22 through 25.

13. The stick-fixed maneuvering stability, as indicated by the
variation of longitudinal cyclic control position with g, was
positive (increasing aft cyclic control with increasing X). There
were no significant differences in the handling qualities charac-
teristics between right and left turns. The variation in longi-
tudinal control positions with g was essentially linar and the
lateral cyclic control position remained essentially constant at
all bank angles. The longitudinal control force cues were adequate
at bank angles greater than 15 degrees. The maneuvering stability
characteristics were similar to the normal utility UH-6OA and
are satisfactory.

14. Maneuvering stability was evaluated at 40 KIAS in angles of

bank from 15 to 45 degrees. The aircraft was stabilised at 40
KIAIS and bank angle was increased in 15 degree increments. If
the airspeed was allowed to decrease below 40 KIAS while stabilie-
ing at 45 degrees angle of bank airspeed indication would abruptly
decrease to zero. Increasing forward longitudinal cyclic caused
the pitch attitude to decrease (nose further down), but did not
increase the airspeed. This condition was perceived by the
pilot as being similar to a fixed-vwng aircraft in a spin. The
aircraft was easily recovered by rolling out of the turn using
lateral cyclic and opposite pedal. As the airspeed increased,
aircraft recovery was completed by the application of aft cyclic.

9



A similar result occurred when this test was repeated without
the VOLCANO installed. This is characteristic of the helicopter
and not VOLCANO related, but has not been previously documented.
The following note should be incorporated into chapter 5 of the
operator's manual (ref 2, app A).

NOTE

While flying at 40 KIAS or below, maneuvers
should be limited to less than 45" angle of
bank to prevent inadvertent entry into a spin
type maneuver, characterized by zero airspeed
indication, in which forward cyclic results in
an increased nose down pitch attitude without
the expected and corresponding airspeed
increase. Upon inadvertent entry into this
flight condition, recovery should be effected
by rolling out of the turn first, and applying
aft cyclic to return to level flight.

Dynamic Stability (Gust Response)

15. The dynamic stability characteristics were evaluated at the
conditioiis presented in table 2. The gust response characteris-
tics were evaluated qualitatively in calm to light turbulence
conditions as defined in the DoD Flight Information Handbook
(ref 9). The helicopter response was evaluated using one-inch
0.5 second control pulses in level flight, climbs and descents
at 90 KCAS, SAS ON and SAS OFF. Additional control pulses were
evaluated in level flight at VH (120 KCAS), SAS ON and SAS
OFF. Representative time history data (80 KCAS) are presented
in figures 26 through 39, appendix E. SAS ON dynamic response
was deadbeat. SAS OFF dynamic response was aperiodic and diverg-
ent. Control pulses in other axes rapidly coupled into the
longitudinal axis. During descents, the SAS OFF response rates
were noticeably higher than during the other test conditions.
Pilot workload during SAS OFF level flight requires continuous,
small (+1/4 inch) lonpitudinsl control inputs to maintain airspeed
+5 KIAS (HORS 3). Steady heading sideslip releases in level
flight, climbs and descents were also evaluated. Pedal releases
(SAS ON) at a 10 degree sideslip angle (left and right) resulted
in c rapid return to within 1/2 ball-width of trim with no more
than one heading overshoot of approximately 2 degrees. Long-term
longitudinal dynamic stability was evaluated by observing the
aircraft response after displacing the aircraft from trim airspeed
approximately 10 to 15 knots and smoothly returning the longitu-
dinal control to the trim position. 14ith SAS ON, the aircraft
immediately begon to return to trim. rhe aircraft was flown
"hands off" for extended time periods (greater than 1 minute) in

10



light turbulence with only small transient airspeed and altitude
fluctuations noted. The SAS ON dynamic stability characteristics
are satisfactory and met the specification requiramente. The
aperiodic divergent SAS OFF dynamic stability is a shortcoming.
This is characteristic of the normal utility U-460A and is not
attributed to the VOLCANO installation.

Controllability in Rover

16. Controllability tests were conducted during hover to evsluate
the control power, response, and sensitivity characteristics.
Controllability was measured in terns of aircraft attitude dis-
placement (control power), maximiu angular velocities (control
response), and maximum angular accelerations (control sensitivity)
about an aircraft axis following a control step Input f a
measured size. Following the input, all controls were, heo fixed
until a maximum rate was established or until recovery was
necessary. The magnitude of inputs was varied by using an adjust-
able rigid control fixture on the cyclic control and the direc-
tional pedals. Real time telemetry monitoring was atilied to
confirm the desired input size and shape. Controllability tests
were conducted at the conditions presented in table 2.

17, Longitudinal controllability characterinties and rapeaeseta-
tive time histories are presented in figures 40 throuh 42,
appendix E. Longitudinal control power (pitch attitide ehafte
within one second following a one inch input) arA lonlitaldal
control response (maximum pitch rate per inch of control input)
were similar in both the forward and aft directions. The rates
and accelerations were linear with respect to control input
magnitude. The longitudinal control response was predictable
with no tendency to overcontrol. The longitudinal controllability
characteristics are satisfactory and met the requirements of
MIL-H-8501A.

18. Lateral controllability characteristics and representative
time histories are presented in figures 43 through 45. -re lateral
"control power, response, and sensitivity did not change with the

3 direction of input. The lateral controllability characteristics
are satisfactory and met the requirements of tIL-H-8501A.

19. Directional controllability characteristics and representa-
tive time histories are presented In figures 46 through 48. The
control response was predictable with no tendency to overcontrol.
The rates and acceleration were linear with respect to control
input magnitude. The directional controllability characteristics
are satisfactory and met the requirements of NIL-R-8501A.

_ _ 11



Low Speed Flight Characteristics

20. The low speed flight characteristics were evaluated at the
conditions presented in table 2. Tests were conducted at true
airspeed@ up to 40 knots in forward and rearward (0" and I80*
relative azimuths) and sideward (00, 270', and 315" relative
azimuths) flight at a wheel height of 30 feet (as measured by
the radar altimeter). Surface winds were 5 knots or less and a
ground pace vehicle was used as a speed reference. The low speed
flight test data are presented in figures 49 through 51.

21. The flight control trends in rearward flight (fig. 49) were
unconventional in that a nominal longitudinal cyclic position
of approximately 6.4 in. was maintitned between 0 and 15 knots
true airspeed (KTAS). Qualitatively, longitudinal cyclic position
and force cues were minimal at alrspeeds less than 20 KTAS.
Additionally, larger control inputs were required above 20 KTAS,
however, overall control input frequency was noticeably less.
The stabilator remained programed in the full trailing edge
down (40) position throughout this portion of the evaluation
and adequate control margins remained during both forward and
rearward flight. The low sp-ed flight characteristics during
forward and rearward flight are similar to the normal utility
UW-60A and are satisfactory.

22. The flight control trends during left and right sldewerd
flight (fig. 50) were conventional. During left sideward
flight, the lateral cyclic position cues were noticeably weaker
than during right sideward flight. Stabilator programming began
to occur at approximately 15 KTAS during left sideward flight,
while the stabilator remained programmed in the full trailing
edge down (40*) position during right sideward flight. During
left sideward flight, the frequency of control Inputs was very
high (almost continuous) in all control axes. Adequate control
margins remained throughout this evaluation. Aircraft vibrations
were noticeably higher during left sideward flight (Vibration
Rating Scale (VlS 6)). Tn addition to the typical airframe
shudder, an Intermittent lateral "tall shake" (as discussed in
pars 25) was noted. The low speed fiight characteristics during
left and right sideward flight are similar to the normal utility
Itl1-60A anti are satisfactory.

23. The flight control trends during stdeward flight at a relative
wind azimuth of 315 degrees (fig. 51) were non-linear, but were
not objectionable. The non-ltneartties occurred as the stabilator
began to program inconsistently above approximately 15 KTAS. There
were adequate control margins throughout the evaluation. The
"tail shake" discussed in paragraph 25 occurred at a higher fre-
quency and greater magnitude than during the other wind azimuths
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evaluated. The low speed characteristics during stdeward flight
at a relative wind asimuth of 315' were similar to a normal
utility Ut-60A and are satisfactory.

Simulated Sinr le-Inagne Failure

24. Simulated single engine failures were evaluated at the condi-
tions presented in table 2. Representative tim histories of
the simulated engine failures during level flight and in an IRP
cllb are presented in figure 52. The engine failures were
simulated by pulling one engine power control lever from the
flight position to the idle position and delaylng pilot reaction
for a mintmum of 2 seconds or until the low rotor speed warning
sounded. There were no differences (handling qualities or
failure cues) noted between a "failed" left engnle or a "failed"
right engine. The simulated engine failures were detected by an
audible warning tone, an RM OUT master eaution light, a differ-
ence in cockpit engine parameters, and a noticeable 2 to 4 deg
left yaw. Other than the yaw excursion, no unusual attitude
changes or control forces wera observed during the simulated
engine failures and the subsequent transition to single-engine
flight. At high collective pitch settiges, min rotor speed
decreased rapidly, but normal operating rotor speed was easily
restored by reducing the collective pitch control. The simulated
single-engiee failure characteristics are satisfactory.

VIUBATION

25. Intermittent, variable intensity lateral accelerations were
noted in the cockpit with the VOLCANO installed. Sikorsky flight
test personnel coaionly referred to this as "tail shake". Tail
shake appears to be associated with disturbed airflow across the
stabilator surface which transmits a lateral "kick" into the
cockpit. The frequency and magnitude of the lateral kicks
increased noticeably during descents, left sideslip maneuvers,
left turns and at VW. Observations from the chase aircraft
indicate that the entire stabilator intermittently rocks laterally
a noticeable amount. Stabilator tip vibration data indicates
occasional spike loads of 10 g's with nominal alternating loads
of approximately 4 g's. Stabilator mount bushing wear was moni-
tored and an increase in mount bushing wear was noted. Upon
further investigation, tall shake was apparent in a normal utility
Utl-60A under similar flight conditions, but the frequency and
magnitude were noticeably less. The excessive magnitude of the
tail shake with the VOLCANO installed is a shortcoming. A detailed
maintenance evaluation should be conducted to determine potential
increased maintenance and supply system impacts pursuant to
VOLCANO operations.

13



AIRSPFED CALITRATION

26. Airspeed calibration tests were conducted to determine the
position error of the UN-60A's airspeed system in both the clean
(normal utility) configuration and with the VOLCANO system
installed. The aircraft's pitot-static system was calibrated
during level flight over a measured ground speed course and by
use of a calibrated trailing bomb (finned pttot-static system).
The aircraft was flown up to 122 KIAS using the trailing bomb
method and up to 156 KIAMS using the ground speed course. Data
are presented in figures 55 and 56. The position error increased
approximately 2 k1ots at lower speeds (45 KCAS) and approximately
A knots at higher speeds (120 WCAS) due to the installation of
the VOLCANO wine dispensing system. This large position error
associated with the VOLCANO installation will result in a dis-
crepancy between the desired mine dispensing airspeed and the
actual dispensing airspeed, affecting the mine field density,
and is a shortcoming. The position error data presented in
figure 56, should be incorporated into the applicable VOLCANO
mine dispensing sstem operator's manual,

14



CONCWSIONS

27. based on this evaluation, the following conclusions were
reached about the UR-GOA block Hawk with the X14-139 VOLCANO system
installed.

a. With the VOLCANO system installed on the UR-60A heli-
copter, chane in fiat plate area (We) varied an a function
of coefficient of thrust (CT) and airspead from approximately
42 sq ft at a CT of 0.008 to approximately 55 sq ft at a CT of
0.010 (pars 7).

b. An increased nose down pitch attitude difference, attrib-
utable to the VOLCANO installation, was noted (para 7).

c. Handling qualitlas of the UH-60A helicopter were not
significantly changed by the installation of the XK-139 VOLCANO
system (par& 8).

SRORTCOOINGS

28. The following shortcomings were identified and are listed in
order of Importance.

a. The excessive magnitude of the tail shake with the VOLCANO
installed (pare 25).

b. The large airspeed system position error associated with
the VOLCANO installation (pare 26).

c. The aperiodic dynamic instability with the BAB 01 at SO
KCAS with and without the VOLCANO installed (par& 15).

SPUCIFICATIOK COMPLIANCI

29. The UI-60A helicopter with VOLCANO failed to meet the follow-
Ing requirements of the PIDS (ref 8, app A).

a. Paragraph 10.3.3.1.3 - The static longitudinal stability
was neutral at VE (pare 10).

b. Paragraph 10.3.3.2.la - The BAB OFF dynamic stability, not
attributed to the VOLCANO installation, was aperiodic and diverg-
ant (pare 15).

15



RECOMINDATIONS

30. The following recomendations are w.,eo

a. The following NOT! ehould be incorporated Into chapter 3

of the operator's manual (pars 1).

NOT!

While flying at 40 RIM or below, maneuvers
should be limited to les thoa 43" eagle of
bank to prevent inadvertent entry ito sa spin
type maneuver, characterised by seno airsp*ed
indications in which forward cyclic revults
in an increased none down pitch attitude vith-
out the expected and cornespond"W airspeed
increase. Upon inadvertent entry ate, this
flight coedition, recovery should he effected
by rolling out of the turn first and applying
aft cyclic to return to to level flight.

b. The following (A!rTION should be incorporated into
chapter 5 of the operator's manual (pWer 7).

CAUTION

Prior to installation of the VOLCWAO system,
ensure that modified inpt modules (PIN
703508M1-046) have been installed in the
aircraft. The Incraedw aoesr-dow pitch

attitudes during level flight when the
VOLCANO syte. it installed may result in
oil foasinp* and imadequete lubrication
without the required gearbox modifieation.

e. A 4etailed maticeance evaluation should be conducted to
determino potential increased maintenance and supply system
impacts pursuant to VOLCANO operations (par& 25).

d. The posttion error data preserted in figure 56, appendix F
should be incorporated into the applicable VOLCANO mine dispensing
system operator's manual (para 26).
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APPNOM &L D5@CWMT

I . The Uh-40A (Slack Hawk) it a twin turbine engine, stgle main
rotor helicopter with nonrstractable whl-type landing pesr. A
sovable horitontal stabilater too located on the tower portion of
the tail rotor pylon. The min and tail rotor are beth four-
bladed with a capability of manual main rotor blade &*A tall pylon
folding. The cross-beam tell rotor with composlte blades io
attached to the right aide of the pylon. The tail rotor shaft
ts canted 20" upoard from the hertiootal. Prtmry studion
grosa weight is 16,M60 pound. and matio alteruate Sos weighs
io 202350 pounds. The proposed mainm roes weiskt ti 22,000
pounds and the VOLCANO coafigured helicopter design gross weight
is 20,572 pounds. The I1R-60A is powered by two Cemeral Rlectric
T700-CK-?O0 turboshaft engines having an installed theoredymame
rating (30 minute) of 1353 shaft horsepower (shp) (power turbine
speed of 2O,900 revolutions per minute) eah at sm level,
standard-day static conditions. Installed dual-ealgne power is
transmission limited to 2828 shp. The aircraft also has an
automatic flight control system and a cosmind istrumot system.
The test helicopter, UP-60A U.S. Arm? S/W 64-23933, was maw-
fectured by Sikorsky Aircraft Division of United Technologies
Corporation and is a production Slack Hawk equipped with fixed
provision mounting points. These points provide the mounting
for the VOLCANO system hardware. The main differences between
the test aircraft and a normal utility UP-4M are the addiatio
of and an external noaea-munted airspeed boom and special test
instrumentation (app C), and the mounting of the VOLCANO system
(photos I through A, app F). A more complete description of the
U1-60A helicopter can be found in reference , appendix A.

XN-139 VOLCANO MINE DISPENSER

2. The XM-139 VOLCANO weapons system with related eqtipment ti
produced by Poneywell, Inc. The VOLCANO is an automted, scatter-
able mine delivery system capable of launching nines from host
ground and air vehicles (5 ton dump and cargo trucks and the
UH-60A helicopter). The sine dispenser system is modular and
consists of four major co•ponents: (1) mounting hardware kits,
(2) four launcher racks, (3) 160 mine canisters, and (4) a Dis-
penser Control 11nit (DCU). Dimensions and weights of these
components are summartzed in table I and aircraft mounting lca-
tions are shown in fIRure 1.
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Table 1. XU-l 39 Component iMoosetone

ni-salon-a ~
(i06) (ib)

Component Weight|Lenthl Width

UP-GOA Side Panel (each) 38.3 37.23 6.23 238

Launcher *ack (each) 23.0 79.0 9.0 225
XK-l Cauisters (each) 124.0 3.0 (dia) 32

IBMU li 1L21 -- a 70

The mounting hardware (photon 3 through 7, app 1) is the only
application-unique system element and allows mounting to the
Black Hask fixed provision mounting points (photon S and 9)
without any aircraft modifications. This hardware accepts up to
four launcher racks (two per side) (photos 10 and 1l), with each
rack holding up to 40 individual XM-87 Mine Canisters (photo* 12
and 13). Each canister contains a stack of five LU-91/3 anti-
tank and one BlLU-92/9 anti-personnel GATOR mines giviag the
system a total delivery capability of 960 mines. A meb assembly
is interlaced between the mines providing dispersion and uine
arming during firing. Inert X-W8 mine canisters were used for
this test. They are identical to the X*47 canisters except for
color and markings, but contain no transmitter coils and six dumy
mines. A frontal and side vime of the completed installatiom are
s howni in photon 14 and IS,, respectively% The IN-139 VC0 mounted
in the carRo compartment, is prograied by the operator with the

selected dispensing speed and mine self-destruct time. It to
deoigned to control firing of one to for racks in a prescribed
sequence on alternating sides of the aircraft. This DCU was
not installed on the aircraft. The interface control panel
(photo 16), mounted on the center instrumoi.• console, and the
go-around switch, located on both pilot and copilot cyclic conw-
trols, control the arinsg, firing and Jettison of the launcher
racks. The interface control panel allows the pilot to conduct
a continuity test of the jettison system. The test aircraft was
equipped with the jettison, but not the firing, capability. A
sore complete description of the system can be found in refer-
ences 3 and 4, appendix A.

MODIFICATIONS

3. Several modifications were made to the test aircraft to
accomodate ballast and instrumentation, or for safety purposes.
These modifications were not part of the VOLCANO modifications
or a normal utility UR-60A. Four mounting provisions wore used to
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accosodate ballast. Timse are showm in photos 17 through 19,
appendix F. An instrumentation package wes installed In the
cargo compartmnt and can be seen in photos 20 and 21. Sikorsky
drag estimtes for the external item (photos 22 through 23)
totalled 3.04 square feet of equivalent flat plate area. Each
item 1t listed below:

Item

Standard @ise tail rotor slip vin&
Hedlum $sie main rotor slip ring with cover
Nose boom
Tail-mounted TH antennas
Dally-munted TM antenna
Main rotor instrumntation
Ambient air teaperature sensor
Imrgency crew door handles

/

S. . . . . . . .. . .. . . . . . . . . . .. . . . . . ...2 1



APPENDIX C. INSTRUMENTATION

GENERAL

1. The test instrumentation was installed, calibrated and main-
tained by Sikorsky Aircraft personnel. A test boom, with a
swiveling pitot-static tube and angle-of-attack and sideslip
vanes, was installed at the nose of the aircraft. Three telemetry
antennae were installed. Two were mounted to the top left side
of the tail boom and one was mounted on the belly of the aircraft
just forward of the tail boom. Slip ring assemblies were instal-
led on the main and tail rotor shafts. All other instrumentation
was installed inside the test aircraft. Data were obtained from
calibrated instrumentation and displayed or recorded as indicated
below.

Pilot Panel

Airspeed (boom)
Altitude (boom)
Rate of climb (boom)
Rotor speed (sensitive-percent)
Engine torque* **
Turbine gas temperature* **
Power turbine speed (Np)* **
Gas producer speed (Ng)* **
Control positions

Longitudinal
Lateral
Directional
Collective

Horizontal stabilator position
Angle of sideslip
Copilot Panel
Airspeed*
Altitude*
Rotor speed*
Engine torque* **
Fuel remaining* **
Total air temperature
Instrumentation controls
Run number
fEvent switch

2. Data parameters recorded on board the aircraft and availablefor telemetry include the following:

*Shlp's system
**Both engines
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Digital (PAP) Data Parmsetere

Airspeed (boom)
Altitude (boos)
Airspeed (ship's)
Altitude (ship's)
Radar altimeter (low range)
Total air temperature
Rotor speed
Gas gonerator speed **
Power turbine speed e
Engine fuel flow .
Engine fuel temperature **

Engine output shaft torque ** I
Turbine gas temperature
Longitudinal acceleration at the cg
Lateral acceleration at the eg
Normal load factor at the cg
Stabilator position
Control positions

Longitudinal
Lateral
Directional
Collective

Attitude
Pitch
Roll
Hoading

Angular Acceleration
Pitch
Roll
Yaw

SAS output position
Longitudinal
Lateral
Directional

Main rotor shaft torque
Tail rotor shaft torque
Tail rotor impressed pitch (blade angle at 0.75 blade span)

Angle of sideslip
Angle of attack
Time of day
Rva number
Pilot event switch

**Both engines
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Analog (FM) Vibration Parameters

Vertical pilot seat
Lateral pilot seat

Londitudinal pilot seat
Vertical copilot soeat
Lateral copilotseat
Lateral pilot floor
Vertical copilot floor
Vertical pilot instrument panel
Vertical copilot instrument panel
Center of gravity vertical
Center of gravity lateral
Center of gravity longitudinal
No. I engine exhaust frame vertical
No. 2 engine exhaust frame horizontal
No. 1 engine front frame longitudinal
No. 2 engine front frame longitudinal
Vertical side panel left forward lower
Vertical side panel left forward upper
Vertical side panel right forward upper
Vertical side panel left'aft upper

Vertical side panel right aft upper
Lateral side panel left aft lower
Lateral side panel right aft lowe:
Lateral side panel left forward upper
Lateral side panel right forward upper
Lateral side panel left aft upper
Lateral side panel right aft upper
Lateral side panel right forward lower
Longitudinal side panel left aft upper
Longitudinal side panel right aft upper

TEST BOOM AIRSPEED SYSTEM

3. The test boom airspeed system mounted at the nose of the test
aircraft provided measurements of airspeed and altitude. Sensors
for angles of attack and sideslip were also mountAd on the test
boom (photo 22, app F). The tip of the swiveling pitot-static
tube was 79.6 inches forward of the nose of the aircraft (fuselage
station 97), 25.7 inches to the right of the aircraft reference
buttline and 7 inches below the forward avionics bay floor,
waterline 208.
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BOOM AIRSPEED CALIBRATION
UH-60A USA S/N 64-23353

AVG AVG AVG A"
GROSS C.G. LOCATION DENSITY OUTSIDE TEST

5Th ICI GHT LONG LAT ALITUD AIR I~ ETO
(LU) (FS) (91L) (FEET) (DEG C

o 15270 350.6 0.2 3350 13.5 TRAILING ME
A 1660 350.6 0.2 6200 17.5 TRAILING ME
o 17500 350.0 0.2 -10 16.0 GwD 10 CE

NOTES: 1. NORMAL UTILTY CONFIOURATION
2. LEVEL FLIGHT
3. BALL CENTERED TRIM COWITION
4. MAIN ROTOR SPEED-28 RPM10

-10

120

40

0 -o 1o o o 20 14x 10

IICICATE•D AIRSEE (tmOTS)
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rimK 2
BOOM AIRSPEED CALBURATIOt4

AV AVG A" AVG

(1.11 ek OWT (K-Cf

NOTES:1o VOLCANO CONFISMAIION

2. LEVEL FLIGM
3. SALL CDTM TRIM CMIT ION

0 ~4. MAIN ROM VEW ON~lSP

-10

10

140

120

1.VW I

14014 16071 V
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ENGINE TORQUEMEICR CALIBRATION
rn-BOA USA S/N 14-12953
T170-OE-700 S/N 506625

NOTES: 1. NUMBER ONE ENGINE
2. POWER TURBINE SPEED a 20,00 RPM

3. DATA OBTAINED FROM 0 E
ENGINE PRODUCTION RATING SHEET
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FIGURE* 4
ENGINE TOIQUEMETER CALIDRATION

UN-GSA USA S/N 84-23535
T70O-E700 S/N 306529

NOTES: 1. HNUMER TWO ENGINE
I. POWER TURBINE SPEED a 20,990 RPM
3. DATA OBTAINED FRoM * i.

ENGINE PRODUCTION RATING SHEET
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4. The test boom airspeed system along with the ship's standard
systems were calibrated in level flight using a calibrated trail-
ing bomb to determine the position error. Sikorsky's ground speed
course was used to determine the high speed calibration data
(above 120 knots indicated airspeed). The position error of the
boom airspeed system is presented in figures 1 through 2.

ENGINE CALIBRATION

5. Calibrations of the engine torque sensor systems was conducted
by the engine manufacturer, General Electric. Figures 3 and 4
present the calibrations used to detezutine engine power.

SPECIAL EQUIPMENT

Weather Station

6. A portable weather station consisting of an anemometer, sensi-
tive temperature gauge, relative humidity sensor and barometer,
was used to record wind speed, wind direction, ambient temperature
and humidity and pressure altitude at 50 feet above ground level.

Ground Pace Vehicle

7. Pace vehicle speedometers were calibrated by Sikorsky person-
nel. The pace vehicles were used to establish precise ground
speed during the low airspeed handling qualities tests.
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APPENDIX D. TEST TECHNIQUES AND DATA ANALYSIS METHODS

AIRCRAFT RIGGING

1. Prior to the start of testing, a flight controls engineering
rigging check was performed on the main and tail rotors by
Sikorsky Aircraft and monitored by the U.S. Army Aviation
Engineering Flight Activity. The stabilator control system was
also checked to ensure compliance with the production stabilator
schedule. The rigging data are presented in table 1.

AIRCRAFT WEIGHT AND BALANCE

2. The test aircraft was weighed in both the normal utility con-
figuration and with the VOLCANO system installed, with full oil
and all fuel drained, all ballast removed, and test instrumenta-
tion system and ballast mounting provisions installed. The
initial weight of the aircraft in normal utility configuraLion
was 12,368 pounds with a longitudinal center of gravity (cg)
located at fuselage station (FS) 361.4. Installation of the
XH-139 VOLCANO mine dispensing system side panels, launcher
racks, and 160 full XM-88 mine canisters increased the empty
weight of the aircraft by 6530 lbs to a weight of 18,898 lbs
with a longitudinal eg at FS 350.R. The fuel weight for each
performance test flight was determined by pre- and post-flight
aircraft weighings, fuel flowmeter instrumentation, and fuel
specific gravity measurements.

PERFORMANCE

General

3. Performance data were obtained using the basic methods
described in Army Material Command Pamphlet, AMCP 706-204 (ref 10,
app A). Level flight performance and control positions in level
flight were obtained in coordinated (ball-centered) flight.
Referred rotor speed was maintained constant for all performance
tests at 25R rpm. Longitudinal cg was allowed to vary +1.5 Inch
during each test flight, but for each data set (consisting of
several flights in the same aircraft configuration at different
thrust coefficient values) the average cg location was maintained
constant near the proposed mission value. The data were analyzed
to determine the drag differences between aircraft configurations
in terms of change in equivalent flat plate area (A Fe).

4. Helicopter performance was generalized through the use of
non-dimensional coefficients as follows using the 1968 U.S.
Standard Atmosphere:
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Table I* Magin and Tall Rotor Rigging l8fonation

Main Rotor Rigging

Blede ngler Flight Control
Flight Contr&l Position (deg) Poeitioa (dog)

o Let Coll Pedal 0 90 ISO 270 Cont- C-t3 -oUt4

Aft *, , , 20.0 -4.0 -12C0

Block6 * * * 11.1 5.5 - 2.8
Block * High * 20.0 16.2 11.4 15.0 - 0.6 -4.3 15.7
Block * Lov * 2.6 5.3 -1.9 -5.7 - 5.5 -2.3 0.1
Aft * High * 26.6 4.8 -11.0
ld Left Low * 7.7 -12.0 -8.1 11.0 11.S -7.9 -0.4
Block * * Right 6.7 9.6 1.3
Block * Left 15.2 0.3 - 7.5
Nwd * * Right -10.0 25.4 17.7
Aft Left * Left 15.8 19.6 -0.8 -4.5 -12.1 -8,3 7.5
Nwd Right * Left 2.0 -5.2 13.9 20.4 12.8 6.0 7.8
Aft * High Left 26.8 4.3 -11.3
Nwd * High Right -1.4 32.2 16.8
Nwd Right High Left 9.9 -1.6 20.9 32.0 16.8 5.5 15.3
Aft Left High light 24.0 22.9 8.2 9.1 -6.9 -7.9 16.1
Aft Right Low Right -6.9 9.8 7.4 -9.9 -9.9 7.2 0.1
Aft Left Low Left 6.9 8.9 -8.5 -10.3 -9.6 -7.7 -0.8

Tail Rotor Rigging

Flight Control Position Blade Angle (deg)7

COLLECTIVE PEDAL

Left 15.7
* Right -15.4
, • 0.5

Low * -7.3
High Left 15.9
High Right -6.1
Low Right -15.8
Low Left 7.4

NOTES:

lWeasured on the Black Blade at the cuff.
2270 degree reading minus 90 degree reading divided by 2.
3180 degree reading minus 0 degree reading divided by 2.
4Sum of all four reading. divided by 4.
5* Indicates appropriate control was pinned at a rigged position.
61ndicates a block was inserted between the aft longitudinal control stop and
the cyclic control such that no limiters are contacted to determine longitudinal
to collective coupling.

7Measured on the Blue Blade at the cuff.
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a. Coefficient of Power (Cp)t

SHP (350)
Cp - -M (1)

b. Coefficient of Thrust (CT)t

GW
CT______(2)

PA(LZ)2

ce Advance Ratio (iA)%

VT( .6878)
S-_____(3)

Wheret

SHP - Engine output shaft horsepower (both)
p - Ambient aft density (lb-secz/ftt4 )
A - Main rotor d1sc area - 2262.03 ft2

W - Main rotor aagular velocity (radians/sec)
R - Main rotor radius - 26.833 ft
GW - Gross weight (lb)

VE

VT - True airspeed (kt) .1.6678/p-7ý

1.6878 - Conversion faqtor,(ft/sec/kt)
po- 0.0023769 (lb-sec'/ft")

5. The engine output shaft torque was determined by use of
engine torque sensors. The power turbine shaft contains a torque
sensor tube that mechanically displays the total twist of the
shaft. A concentric reference shaft is secured by a pin at the
front end of the power turbine drive shaft and is free to rotate
relative to the power turbine shaft at the rear end. The relative
rotation is due to transmitted torque, and the resulting phase
angle between the reference teeth on the two shafts is picked up
by the torque seisor. This torque sensor was calibrated in a
test cell by the engine manufacturer. The output from the engine
torque sensor was recorded by the on-board data recording system.
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The output HP was determined from the aenage's output shaft
torque and rotational speed by the following equation.

2I Q(Ip)

g i ep- (4)
33,000

fhere:

Q - ]lgine output shaft torque (ft-lb)
Np a Engine output shaft rotational speed (rpm)

Level Pluiht Performance

6. Bach speed power data set wea flown in ball-centered flight by
reference to the ship's turn and slip indicators at a predeter-
ained thrust coefficient (CT) and referred rotor speed (f/Ai).

Both the pilot's and copilot's turn and slip Indicators waer
checked for alignment with the aircraft positioned In a level
attitude on the ground. To maintain the ratio of gross weight
to pressure ratio (W/6) constants altitude was increased as
fuel was consumed. To maintain 4k/4 constant, rotor speed ws
varied as appropriate for the ambient air tempetature. Correc-
tions to power required were made for the installation of test
Instrumentation. The power consumption for the electrical opera-
tion of the instrumentation equipment was measured and determined
to he 0.76 shp and subtracted from the power required data. The
effects of the external Instrumentation and nonstandard aircraft
equipmean were estimated by the contractor to be the equivalent
of 3.04 square feet of equivalent flat plate area.

7. The non dimensional coefficients (equations I through 3) can
be expressed in terms of referred rotor speed as follows:

SHP (478935.3)
(5)

3

3
(p0A1)
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GW (91019)

2

VT (16.12)

(7)

(R/7 (~
Test-day level flight data were corrected to standar4 day condi-
tions by the following equations:

SP3 = Sipt %. (8)

Vt

VT VTt (MRVT

(9)

Whe re: 

t

Subscript t - Test day
Subscript a - Standard day RP "5.255863
6 - Pressure ratio ( I 5

145442.15

TA + 273.15

0 - Temperature ratio -
288.15

TA - Ambient air temperature ('C)
NM a Main rotor speed (rev/sin)
478935.3 - Conversion factor (ft-lb-sec2 -rev 3 /man3 -SHP)
91.19 - Conversion factor (sec 2-rev2/min 2 )
P= Pox a
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a" 6/0
16.12 - Conversion factor (ft-rev/mln-kt)

Teat data corrected for instrumentation electrical power conaump-tion and corrected to standard altitude and ambient temperature
are presented in figures 4 through 9, appendix R.

A. Changes in equivalent flat plate area calculated fro% changes
in engine power coefficient were determined using the following
equation:'

APC(2A)

•a (10)

Where:

Me Change in equivalent flat plate area (ft 2)

The data obtained in the normal utility configuration were
analyzed by use of a simulated three dimensional plot (CT and

l&versus C.). The reduction of this simulated three dimensional
plot to a family of curves of CT versus Cp, for a constant I value,
allows determination of the power required as a function of
airspeed for any value of C7. The data obtained in both aircraft
configurations were compared to determine change in the equvalent
flat plate area using equation In.

9. Analysis of the level flight performance data in the normal
utility configuration defined the basic performance curves (figs.
1 through 3, app R). Applying the A&, technique to these curves
to produce a consistent fit to the VOLCAM configuration data
(figs. 7 through q, app X) required the AF, values to change
with thrust coefficient and airspeed, as shown in figure 1. The
baseline Me shown here as a function of CT applies to a level
aircraft pitch attitude, which occurred at 47 KCAS. Since aircraft
pitch attitude varied as a function of calibrated airpseed and
was consistent for all values of CT flown (figs. 13 through 15),
a percentage adjustment to the baseline Me could be obtained
by calculating increase in projected frontal area of the VOLCANO
system resulting from pitch attitude change. This projected area
variation was solely based on geometric considerations resulting
by tilting a rectangle that approximated the proportional
dimensions of the VOLCANO system (assumed 50 unit height ani 0'
unit base). The percentage of MFe adjustment as a function
of calibrated airspeed shown in figure 1 was added to the
baseline Me using the expression:
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Fe (1.0 + percent AFe increase/lO0.) x AFebaseline (11)

HANDLING QUALITIES

10. Handling qualities data were evaluated using standard test
methoda described in Naval Air Test Center Flight Test Manual,
FTM No. 101 (ref 11). A Handling Qualities Rating Scale (HQRS)
(fig. 2) was used to augment pilot comments relative to aircraft
handling
qualities.

VIBRATIONS

11. A Vibration Rating Scale (fig. 3) was used to augment pilot
comments relative to aircraft vibrations.

DEFINITION

12. Results were categorized as shortcomings tt accordance with
the following definition.

Shortcoming: An imperfection or malfunction occurring, during
the lire cycle of equipment, which must be reported and which
should be corrected to increase efficiency and to render the
equipment completely serviceable. It will not cause an immediate
breakdown, jeopardize safe operation, or materially reduce, the
usability of the material or end product.
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CHANGE I N AFr WITH AIRSPEED AND GROSS WEIGHT
UH-60A USA SIN S4-2355

NOTES: 1. VOLCANQ COWIGURATION
2. LEVEL FLIGHT
3. SALL CENTERED TRIM CONDITION
4. RVFERRED MAIN ROTOR SPEEDS2IS8 RPM

BASELI.NE Ve OF VOLCANO INSTALLATION OVER NORMAL UTiLITY
CONFIQURATPON APPLIES TO LEVEL'E AIRCRAFT ATLTTUE.K PERCENT INCREASE
IN Lfe WITH AIRSPEED IS BASED ON GEOETRIC CONSIOERATIONS AS PITCH
ATTITUDE CHANGES AND IS VALID FOR ALL THIUST ODTICWDITS.

40:aA_"LN VALUE IS VALID

S40,i lrWAN IBP1E. OF' 47 •

78 42 as 9o 14 102 106
COEFFICIENT• OF THRUST (CTx'04)

5V
-I o

5

a. -.-.-
1.71

°20 ......... 2 14 10

CALISRATED AIRSPDEID (KNOTS)
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APPENDIX E. TEST DATA

INDEX

Figure Figure Number

Level Flight Performance I through 9
Control Positions in Trimmed Forward Flight 10 through 15
Collective-Fixed Static Longitudinal Stability 16 through 18
Collective-Fixed Static Lateral-Directional 19 through 21

Stability
Maneuvering Stability 22 through 25
Dynamic Stability 26 through 39
Controllability at a Hover 40 through 48
Low Speed Flight Characteristics 49 through 51
Simulated Single-fngine Failure 52 through 54
Airspeed System Calibration 55 and 56
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FINK I
NOI4DIIENSIOIAL LEVEL FLIGHT PERFOWMNCE

Ul4OA USA S/N 84-23953

NOTES: 1. NOWML UTILITY CONFIGURIATION
2. BALL CENTEA TRIM CONITION
3. MID LONGITUDINAL AND LATRAL CC
4. W D ROTOR aPED 258 IN
S. POINTS OERIVED FOM FIGUME 4 TNRU S

~70

76 .O 64...2...0 10

TH0S .. ...C..... 10.
. . .. . .. .

141



flow I
NONDIMENSIONAL LEVEL FLIGHT PERFORMANCE

UH4O USA S/K 44-2353

I NOTES: 1. NORML UTILITY COSIFIUURTUK
2: @ALL CENYAC TRIM CWTO
3.MID LONSTWINAL #A LATUA C$

4. WS n-90 *TR am NOww
"8s. PorNmS acutet ruM rwIns 4 vsIP s

100 - ---- ---

IGO

go-

90

30

s6o-4 66 6 0 0

4042

40n.fl ~ yalW S



raeuM 3
NONDIMENSIOt4AL LEVEL FLIGHT PERFORMANCE

U*40A USA S/N 54-23353

NOTES: 1. NORML UTILITY CONFIOGURATION
I2. SALL CENTENO TRIM CONDITION

3. MID LONOITUDINAL AND LATSPL CC
4. REEE ROTOR aP M m5m.
5. POINTS DERIVED ViOM FlOUMES 4 THEU 6

100

so

)70

40.

40 27.....................

276 S K54 se 92 35100 104
THRUT COEFFICIENT x 104
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MIGUE 4
LEVEL FLIGHT PERFORMANCE

U-OCA USA S/N 64-23353

AVG AVG AVG AVG AVG- AVG
UOSS C.G. LOCATION DENSIY OUTSIDE WRD COUF ICIENTfl AT ALT IT~ AIR TEORSEEP.TAT~ilr (Bk1) (PT) (DEC oC) Wi~pl¶ElO HRS
17720 350.4 0.2 7U30 13.5 256.5 0.0079066

NOTES: 1. HOWAL UTILITY CONFIGURATION
2. BALL CENTERED TRIM CONDITION

0.10

-20..:........

1400

1000 1

260 6.. ... ... 20 10 6

.44
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FLOUw 5
LEVEL FLIGHT PERFORMANCE

UN-OCA USA S/14 84-23053

AVG AVG AVG AVG AVG AVG
GROSS 0.0. LOCATION DENSITY OUTSIDE lRUD COWICIN1'T
WEI rT tLA ALTITUDE AIR TELr. ROTORJWED W TAST

(B(91. EAT) (DEC RPM)

17840 350.0 0.2 10670 6.5 257.6 0.0Ma

NOTES: 1. NORMAL UTILITY CONFIGURATION

S0.20 2. BALL CENTERED TRIM CONDITION

A 0.10

0.05

2200

II

14002

3000 r

J1040 60 II0 100 120 140 160 160TRUE DER ED (ROTS)
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LEVEL FLIGHT PERFORMANCE
UI44OA USA S/N 64-2M39

AVG AVG AVG AVG AVG AVG
m055 C.G. LOCATION AENSITY WUTSIDE 10W ID COEFFICIEN4T

nrgm ( LA) ALUTITUD AfIR¶P. ROTOR SPEED Of THRUST

17620 350.0 0.2 1320 0.5 257.2 0.010040

NOTES: 1. NORMAL UTILITY CONFIOURATION
2. SALL CENTERED TRIM CONITION

0.103

0.1 ...

IL

12000
1. 11. a

1400

40 100. 10 120UG 34 ... 1..
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rImU 7
LEVEL FLIGHT PERFORMANCE

UN-GOA USA S/N 84-2M56

AVG AVG AVG AVG AVG AVG
GROSS CSG. LOCATION DENS ITY OUTSIE toRun COUFICIDIT

1" tl l (LAI AýTIE AIRE~ ROTOR W0 OF Twat

20450 350.7 0.2 3010 12.0 158.2 0.0079115.

00% NOTES:
1.VOLCANO CONFIOUAT ION

2. SLL CCNTERE TRIM CONDITION

0.05

0..00

2600

Ia

441
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CONPFIGRAT IO
LVE FLTC TIM H CONDITIONC

01M UASp0-35

A" ." A"., AV-V V

ORUCI OAIN DN T USD UCWIIN

orI300m0A ITAR OO

NO"~~~~~~~~ IH3 I) FAI IYT (tm) FTA
X=~~~~~~~ 35. 02tm7525. 00"

NOTES: .4.:Z2 .,.... ,

1 VOLCANO :2: + mTI

2200 U CETENOr OTRIMCODITO

140 "Oo;

1o0.002 4 6010 2 4 6I~ ~ ~~~U TREARSED(KOS

0.0

4J.Skz.tat



FImUR o
LEVEL FLIGHT PERFORMANCE

UN-IGA USA S/N 84-23953

AvG AVG AVG AVG AVG AVG
GROSS C.G. LOCATION DENSITY OUTSIDE REFGI ED COEFICIENT
WEIGHT LONG LAT AýTI TUD AIRI TEWP. ROTOR SPEED OF THRUST
(LU) (S) (UL) FET) (DEADC) RM

20650 351.2 0.2 9330 6.0 256.0 0.009911

NOTES:
i.VOLCANO COWIGURAT ION
2.BALL CENTERED TRIM CONDITIONI0.1

0.10

-j g
"-14

I 2200 -,CURVE DERIVED FROM DAýMED LINE

-WIT A *9 OB1TAI1 tiEt
20 O 10 12 140 16AP.

AIRPEE (KNOTS
law -- ---

I7

La m n n ai7A .



flow 10
CON~TROL POSITIONS I-N TRIMMED FORWARD FLIGHT.

WU@A USA S/w 34-InS

A"L V AVG AvYAv
4% .2 LAY't ALM ~ MT0 W.- OM

I772 350.4010 M&I 7930 13.5 253 .00136 NMSL UTILITY

0>

Ira

20 4 . 3 0 2 4

Ias



CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

W4A" AS A" .RS

o LOA Lt TI A' MTME C)
(If) 03. (11L) (VT) (OreC (W)

17M4 336.1111 0.3L1 141170 8. 5 .00ARM NON" UTILITY

* 0

Ira

TOAL COLLECTIVE CONWO TRAWL 9 .11 INCIU

TOAL DIIECTIONAL CONTROL TRAVEL a5.6 INWM

*~ TOAL LANU*L 04WL yuVE 0 .7 INCIm

it 4

CALINAYD AWEGP (bMTS)



CONTROL POSITIONS IN TRIMMED FORWARD FLIGH4T
vWHO Wm I/N wumC

A WIVA AAVGS!.S

(1) u) (uL) (rT) (K9 C) (Mn)
17320 U0*SID OAT1 1323 0.5 251 a 010040 WSMIIL UTILITY

to

TOAL COLLECTIVE CONTO TRAWL * .A INPO
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CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT
UHwUSA S/N 54-2365

AVG -AV AVG
iIs - LON L.CATI(OJ OMTY OAT i.2

ILT ALTITUDE UCEF uIWT g
10450 350.71110 O.3LT 3010 12.01-257 .0071Km LU

101
* 0

MOAL COLLECTIVE CONTROL TRAVEL 9 .4 INME10

"TOTMAL DIRECTIONAL CONTROL TRAVEL *5.6 INCHES

E g
TOTAL LONATUDRAL CONTROL TRAVEL a 107 INCHE CS
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flam 14
CONTROL POSITIONS IN TRIMMED FORWARD FLIGHT

A- WA " wm"

A ~~OL La ATH~ ALTITUDE~.j~~
493) (ns) (SL) (ut) (Me C) (W)

U0i.71110 OJaLv saw 7.s 15 M OOfM inCa.I".g~ a

4 -A.

~5

TOTAL CKLLCTIYK CONTROL TRAVEL 9. 1r INCI

cm-4 p

ME

OALDIRCTIONAL CONTROL. TRAVEL-&$O INOND

III
... ........ ....... ...

TOAL LONSITWINAL CONTROL TRAVEL *10.2 1 CIO
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CONTROL POITIONS IN TRIWWCD FORWARD FLIGHT
vwI- USA S/0I6-36

(us) (IL) (FT) (MCeC) (M)
Cmt em~s .,1 6 6.0 254 .100000 VUCMS

.. . ....... .... . . . .

CUM 5

TOTAL COLLECTIVE CONTROL TRAVEL .1.8 INCHE

all 7'

TOTAL DIRECTIONAL CONTROL TRAVEL a5.6 INCHE

II OTAL LATERAL CONTROL TRAVEL a9.7 INCHES

g.. ... .

TOTAL LONGITUDINAL CONTROL TRAVEL .10.2 INCHES

2: 40 6o so 100 120 140 1oo

CALIBRATED AIRSPEED (KNOTS)
-. ~*55



FIGURE 16
COLLECTIVE-F'IXED STATIC LONGITUDINAL STABILITY

UH-G0A USA S/N 84-23953
AVG AVG AVG AVG AVG TRIM

GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPEED

SYMOL (19) (FS) (BL) (FT) (DEG C) (RPM) (KIS)
Q2 20830 35 1.SM I D 0.3 LT 5000 14.0 256 411
0 20550 350.9MID 0.3 LT 4970 14.0 258 118

NOTE: 1 . VOLCANO COWFI GURAT ION
2. LEVEL FLIGHT
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. BALL-CENTERED FLIGHT
5. PSA CENTERED AND LOCKED

~ ........ . . . . . .

0-

~l

4I = OTAL DIRECTIONAL CONTROL TRAVEL rn5.6 INCHES

~ - 2

TOTAL LATERAL CONTROL TRAVEL 9.7 INCHES

4ý9

S TOTAL LONGITUDINAL CONTROL TRAVEL -10.2 INCHES
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FIGUR 17
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

UN-6OA USA S/N 84-23953
AVG AVG AVG AO AVG TRIM

GROStS CC LOCATION DENSITY OAT ROTOR CALI"MATIM
WEIGHT LONS LAY ALT ITUDE SPEED AlRP
(LB) (FS) (BL) (FT) (DEC C) (RPM) (ICTS)
20100 351.4MID 0.3 LT 5140 15.0 258 82

NOTE: 1. VOLCANO COWFI GURAT ION
2. IRP CLIMB
3. SHADED SYMBOLS DENOTE TRIM POINT
4. BALL-CENTERED FLIGHT
5. PBA CENTERED AND LOCKED

0- 20--

S20

310

TOTAL DIRECTIONAL CONTROL TRAVEL =5.6 INOE-AU JImi
TOTAL LATERAL CONTROL TRAVEL 9.7 N OES

-ap

TOTAL LONGITUDINAL CONTROL TRAVEL :10.2 INNCHS

50 60 70 80 90 100 110 120
CALIBRATED AIRSPEED (KNOTS)
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FIGURE 18
COLLECTIVE-FIXED STATIC LONGITUDINAL STABILITY

W-40A USA S/N 84-23953
AVG AVG AVG AVG AVG TRIM

01ROSS CC LOCATION DENSITY OAT ROTOR CALIBRATED
WEI GMT LONG LAT ALTITUDE SPEED AIRPE
(LB) (FS) * (BL) (FT) (DEC C) (RPM) (KTS)

20650 351. 2MI1 0. 3 LYT 4850 15.5 258 83
NOTE: 1. VOLCANO COW IGUMATIION

2. 1000 FT. PER MIN. DESCENT
3. SHADED SYMBOLS DENOTE TRIM POINT
4. IALL-CENTEREO FLIGHT
5. PPA CENTERED AND LOCKED

540

~10 _ _ _ _ _ _ _

0~
S10 !!

a t4 OTAL DIRECTIONAL CONTOL TRAVEL: 5.6 INCHES

ii' 3

TOTAL LATERAL CONTROL TRAVEL :9. 7 INHCHES

7

5

4 t
6 OTAL LONGI1UDINAL CONTROL TRAVEL 10.2 INCHES

5-

50 60 70 80 9 0 1 2
CALIBRATED AIRSPEED (KNOTS)
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fsm I is 1
STATIC LATERAL-DIRECTIONAL STABILITY

WI-60A USA S/N 84-23953
AV" AVG AVG AVG AVG TRIM

GROSS CC LOCATION DENSITY OAT ROTOR CALISRAJE
SI GHT LONG LA7 ALTITUDE SWEED AIW W

SYNEOL (1.11) (r$) (BL) (FT) (DEC C) (RPM) (ICTS)

o 20790 351. 7M ID 0.3 LT 5300 18.0 258 $a
o 20460 350.GMID0 0.3 LT 5100 18.0 257 119

NOTE:- 1. VOLCANO COW ICURA TION
2. LEVEL FLIGHT
3. SHADED SYMBOLS DENOTE TRIM POINTS
4. PSA CENTERED AND LOCKED

~I'-~4 20
s I ..... .. .

. OTAL LONGITUDINAL CONTROL TRAVEL 10.2 INCHES

TOTAL LATERAL CONTROL TRAVEL 9.7 INCHE

2
TOTAL DIRECTIONAL CONTROL TRAVEL 5.6 INCHESA-'.

24
.. . . . ...

30 2010010 20 3030 2010 01020 30
LEFT RIGHT LEFT RIGHT

ANGLE OF SIDESLIP (DEGREES)
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r IouRE 20
STATIC LATCRAL-OI.RECTIOI4AL STABILITY

UH-W0 USA S/N 84-23953
AVG AVG AVG AV TRIM
ROS CC LOCATION DENSITY O? 0170 CAL
UEITLONG LAY AL7T IlK A~ AI"I~

(Le) (FrS) (81L) (nT) (DES c) (Rpm) (aCTS)
20710 351-010, 0.3 LT 486 16.5 256 3

NOTE: i. VOLCAk%, COWfIGURATION
2. IV CLIOB
3. SHADED S"WBLS DENOTE TRIM POINTS
4. PSA METEREO, AM LOCKED

40

TOTA LONGITUDINAL. CONTROL. TRAVEL u10.2 INCHES

!11~22
TOTAL LATERAL CONTROL TRAVEL =9.7 INCHES

a-P:

-A TOTAL DIRECTIONAL CONTROL TRAVEL a 5.8 INMES

LEFT RIGHT
ANGLE OU SIDESLIP (DEGREES)
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nowm 21
STATIC LATERAL-DIRECTIONAL STABILITY

UN-WA USA S/N 4-23W5
AVG AVG A"G ~

L& CT ION DENSITY OAT ~QW CAL
LOS LA? ALTITUDE A A

(Ws) (FS) (KI) (rT) (KcO C) oftw)
MOOK 351 IMID 0.3 LT 406 16.0 253 3

NOTE: I. VOLCANO CONFIGURAT ION
PER MIN. DESCENTI: a2cTsYMtS DENOE TRIM POINTS

4. MSA CETERED AND LOCKED

-10

AlTOTAL LONGITUDINAL CONTROL TRAVEL m10.2 INCHES

;:~ TOTAL LATERAL CONTROL TRAVEL: 9.7 INCHES

TOTAL DIRECTIONAL CONTROL TRAVEL m5.6 INCHES

::L ... 411

2

%wo 30 20 10 0 10 20 30
LEFT RIGHT

ANGLE OF SIDESLIP (DEGREES)
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rimJR 222
MANEUVERING STABILITY

SYMETRICAL PUSHOVERS AND PULLUPS
UII-GOA USA S/N 84-23953

A AVG AVG AVG AVG TRIM us
anCC LOCATION DENSITY OAT ROTOR CALIATED CONDITION

1EIGH? LONG LAT ALTITUDE SED AIRPE
S'VUL Le) FS) (S1.) (FT (DEG C) (RPM) (KTS)

3497MD 03 T W 1.5 25 ON
34.MD03L M 13.5 2519 OFF

MOTE: 1. VOLCANO COWFI GMRT ION
2. PBA CENTERED AND LOCI(E

940 ,-.; j--

40

-7k

~ OTAL LOAGTUDIAL CONTROL TRAVEL 9. 102 OE

7~~T :2;:::u

i:: lit,2:

7 . ....
. . . .. ..~

.. . . . . . . . . . . ...... .. ....... 4 ., d 9F1.1'T; t

5 t

0.0 0.4 0.8 1.2 1.6 2.0
NORMAL ACCELERATION()



reoiac 23

MANEUVRING STABILITY
SYiETRICAL UIOVERM AMS PULLUPS

UHOA USA S/N 84-2353
"AVG AVG CAL

moss LOCATION 0015111 ID TOR I
L IGHT L ~ LA? ALT tI TDE "MM w" IONAfl

SVMO ai F F) DGC Wlm in #1
NOTE: 1. VOLCANO CONFIGURATION

2. IA CENTRO AND

40

30

:Sao*"

TOTAL LATERAL CONTROL TRAVEL 9 J. INCHES

4 N i

-- a 3

TOTAL LONGITUDINAL CONTROL TRAVEL " 10.2 INCHES

-o.00 0.4 0.6 1.2 1.6 1.0

NOMAL ACCELERATION (9)
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FIGURE 24
MANEUVYERING STABI LITY
UH-60A USA S/N 84-23953

AVG AVG AVG AVG AVG TRIM TRIM SAS
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT CONDITION
WEIGHT LONG LAT ALTITUDE. SPEED A IRSPEED CONDI T ION

SYM -(LB) (FS) (81I.) (FT) (DEG C) (RPM) -(KTs)
o 20970 35019MI 0.3 IT .7650) 11.5 258 40 RIGHT TURN ON
o 210940 1508D 0.3 IT 7060 11.5 258 42 LEFT TURN - ON
16 20900 350.7MID 0.3.IT 6650 11.5 258 40 RIGHT TURN OFF

C~20850 350.5MID 0.3 IT 6400 12.0 258 41 LEFT TUIRN OFF
NOTE: 1. VOLCANO CONFIGURATION

2. SHADED SYMBOLS DENOTE TRIM POINT
3. PBA CENTERED AND LOCKED

20 * 7:.

30 II+=I. :tit ~ ~ .;

TOTAL LATERAL CONTROL TRAVEL 9.7 INCHES

oz 4
C -

~ OTAL LONGITUDINAL CONTROL TRAVEL 10.2 INCHES

..................... . -. ..

65

-I-

3
0.0 0.4 0.8 121.6 2.0

NORMAL ACCELERATION(g
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PIQUE 25.
MANEUVERING STABI ITY
LH-O-A USA S/N 84-23953 ':

AVG AVG AVG AVG 'AVG TRIM TR.MW.- SAS
GROSS CG LOCATION DENSITY OAT ROTOR CALIBRATED FLIGHT 9OtOITIOT,.,
WEIGHT LONG LAT ALTITUDE SPEED 1ARSPED CONDITI'ON
(Y LB) (rS) '(BL) (DE C) (,M') ( )

0i20910 350.7ID O.L.J 11.0 25 101 RIGHT TURN &4
o 20740 350.2MID 0.3 LT 7050 I.'5 257 ; 102, LEFT TEN ION
a 20600 349.7MIW 0.3 LT 7900 10.0 259 102 IGHT TEI N

0 20480 349.3MID 0.31 L7 7930 10.5: 258 103 LEF TURN OFF

NOTE: 1. VOLCANO coNFIGURwAT IONI2. SHADED SYMBOLS, DENOTE TRIM POINT " .".13. PA, CENTERED AND LOCKED

. ........

..... .. ., ....

I. I

I /" i. A ]

TOTAL LATERAL CONTROL TRAVEL u.9.7 INCHES

7;
•" 4

ii - 7 TOTAL LONGITUDINAL CONTROL TRAVEL : 10.2 INCHES

7

4441

0.0 0.4 0.8 1.2 1.6 2.0

NORMAL ACCELERATION(g
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FORIARD LONOITUDINAL PULS

AV AGMV AV~ AV am
wS, co LOCAION 1111smT 0A *Oi11 CALRIATIO CON 311 iON

1 1011LOS 1A0 ALTINS SPEil All Pit
(wS) ANS 00L Irv~ (oIt C) (Pm) (mI)

6o" 1 1111 .3 0I 14 3.5 in4 H ON

4141 ING 104 Not.I. IN'-Ics VOLANO TWOIS INSIALLCI (FULL CANISTXSS)IAU1  L~~ 11111 1~ CNUOAN LOCKED
1: VL Full,

4400 100 -20 .. ........................... ........

4000 - s 0 ...... ....... , .... .... .....

36000 ~ 70 - -10 ......... ............. ..... V.....r...

20 -20 -200............... ..... ....

~4UP U-N.M . . .

10 to0 - o ....... ? ................ ........ I.........................

0 0 0 ....

-o20o 20 -20 .. .....

-20 -20 20

* 10 ab 10 10o ..................... ... ..........

- a- 0 -0 -- - - --- ....

............... ......
-2 2 a - 20 ............... .... ... ...

5 - ...... ........... ..... ...... .......... ...

AFT0 .R1

R U T a. ....... .....

4 - 4 -.. . . . . . . . . .. . ...... . . . . . . ... a.. .... .......

0 1 2 3 4 3 8 7 a 9 to

TFD 0 SECI6



FIGUTLTRAL PULS

UN-4OA USA V~N 64-23953

AVG AVG AVG VP A$ ?I.Bles cc LOCATION DENSITY Oi 10?T CAI coxil
WEG!LONG LAI. ALtITUDE SIPE CAMUj

m3L (F) DE C) (mP) (K15)
loll$ 3 AIJn 11 0.13 LLI 1240 14.5 25 a0s

SNO01111 LONG SOLID NOTE: I . XM-130 VOLCANO. $TIN INSTALLED (raLt CANISIRS) ~
DASH DASH LINE 2. FISAECENTERED AMD LOCKtD3. LEVL rLIGNT
4400 100to 20.................... ......... ........... 0".... ....... '.

4200 I 90 .0
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I' FIGURE 40
LONGITUD-INA-L -C014TROLLASI IL ITYI

IM-GOA USA S/H 84-23953
AVG AVG AVG AVG AVG TRIM

GROSS Co LOCATION DENSITY OAT ROTOR CALIBRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRPE 1.
(LB) (F'S) (BL) (FT) (DEG C) (RPM) (KIS)

20580 351.WMID 0.3 IT -180 15.0 -259 000

NOTE: .1. XM-139 VOLCANO SYSTEM INSTALLED (UL CAISTERS).
2. SO FT WHEE L HE IGHT

20

M MIN.

0

4- 0
.__ . 1....

c 2 ...... . .. ....t . ...

0

i20

20

08

I2



FIGURE 41 ~
IFORWARD LONGITUDINAL STEP

UH-61A USA 3/N 14-23535

'AVG AVG AVG AVG AVG 11RI1
Gloss Cc LOCATION 0E I C AT ROTOR CALISEATE
40G .(1s) () (Fn) (DIG C.) (NOV) (KIS-)
20601 555.6MWI 0.3 L0 -200 15.0 isll 005

Al. ".1 %NR tLoNG SOLID. NOTE: I. XV-13 VOJCANO SYSTEM INSTALLED,(FULL CANISTERS)
DASHl DASH LI~t 2. 50 FT WHEEL HEIGHT

LI0D 110 20? .. .....

3 100 B 100 256 ..... .. ...................

.3 0 '3 0 258

20o2 '2.'............... ................ .... ........ ..........

aOF.
I ....

-1 0 - k 1 ....... ......... .......j -

-20 ~ ~~-2 -J20 .... ........ ............................... ..

oF oR o ..........

adc
-to ic - o 1............... ..... .... ...... ......... ........

WON ~TILT
42 4 0 -20 ......... .. ...... ................. ... .....

.. ........ .. ... ...... ........ .. ...... .... ...............0

8AFTE EC



AFI LONGITUDINAL STEP
QN-6eA USA SIN 14-23113

AVG AVG AVG AVG Avg T1R1M
GlOSS Cl LOCATION DENIT OAT ROTIN CALIORATED
EIGTIN LONG LAT ALTITUDE SPE 0 AIRSPEED
(LI) (Fs) (It) (FT) (DEG C) (RpM) (NIS)

20S41 350.111111 0.3 Li -ISO 15.3 111 lot

IONS SOLID NOTE: I. KM11-IS, VCANO SYSTEM INSTALLED (rULL CANISTERS)INII AN LINE 2. s0 FT w"EEL HEIGHT

120 110 - 262

to10o 100 - 256 . ....... .... ..........

90 - 90 256 ... .... ... .. ....... ............

.UP c N. RT

0 w 0 0 P 2. . . .... ...

~-10 1 -10 ..... ...... ........... ...

no O '.LT ,

-20 -20 -20 .....-............ . ...........I...... .........

NAP ~ LRT
* 1000 10.1

* 0 0 ....
= I -. ,---.-cc-

N. ON 'wLIT
-0-20 ....2......

-20-2 ...........................................---- 4~ .............................

RFT NR EI

-----------------
IcI

4 -J 4 J

0 1 2 3 4 3 6 7 a 9 10
TINE -SEC.
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FIGURE 43 ...-.

LATERAL CONTROLLABILITY
UH-.OA USA S/N 84-23953

AVG AVG AVG AVG AVG TRIM
GROSS CO LOCATION DENSITY OAT ROTOR CALIIRATED
WEIGHT LONG LAT ALTITUDE SPEED AIRSPl

(LB) (FS) (9L) (FT) (DCG C) (RPM) (KTS)
20390 350.SMID 0.3 LT -150 15.5 259 000

NOTE: 1. XM-139 VOLCANO SYSTEM INSTALLED (FULL CANISTERS)
2. 50 FT WHEEL HEIGHT

0
- - 40 .

20 10 --

0

10

1.2 0.6 0.4 0.0 0.4 0.6 1.2
LEFT LATERAL CONTROL DISPLACEMENT FROM TRIM (INCHES 9 IGHT

83

S . . . . .. . . . . .. . . . .. . . . . . . . . .. . . . . . .. . . . . .. . . . .. . . . . . . . . . . . . .. . .I . . . . . .. ý . . . L . . . . . . .. . . . . . .. . .. . . . . .. . . . . . . . . . . .



LtfLATERAL STEP
00-41A USA S/N 14-13953

AVG AVG AVG AVG AM TOiM
GROSS CC LOCATION DENSITY CAT 301101o CA11ISRATto
WEIGHT LONG LAI A11ITUSP SPEED AIRSPEED
(to) (FS) (11) (rf) losE C) (RPM) (XIS)
20340 3S50.IMID 0.3 it -140 15.3 251 M6

MIelR L!% SOID NoltE. I. IM-I39 VOICANO SISTM INSTALLED (FULL CANIStERS)
DAASIo LINE 2 s 50 VT HEE I HEIGHT

120 - 1 0 -2 2 .... ........ 
.....

3100 3 100 - 250 ..... 2 .... .

go 1 go0 256.......... ..... .. ....

iJ 0 .... ........ ..

20 20 0

Lb 10 c- 10 -10 .......... . .... .... .................... .... ....

.ON ~NLT

NOFT01 NOT .. S
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10 I : .. .... .... ......... ...........
IL ON INL
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T..... NE... SE . .... ....I- ........
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RIGH4T LAIURAL STEP
UN-6OA USA S/N 14-23153

IV$ AVG AV$ AW *
ClOCAtION 0 T 41

LONG A T A451 I01101 J111 CAJfliS
(to) inl) 40 if I? tof c) 1R; (Itt)

20346 316.1 VID 0.3 it -146 11.3 all boo

SMOrT O O NOTC: I. XW-Ill V9ICANO STSIEN INSTAt!)(ULAMSI)DASN AH LN 2. 10 FT WHEEL NtlLE§FuLCAITES

" 120 - 110 - 6 .................... .........

to 10 100 - 258 ..... ...... 4 - ..

90 so 3 9 256 ..... .......... ...............V - .... .....

~LUP C, N. AT

0 0 0 ..... ....

Zo. ON IN. L

-20 -20 -J -20 .................... ....... .......... ......

20 20 20 ....................... ................... O .........' \ - .........
ILUP PI.T -.OA,

0 10 tc- 0 10........... ...... ... ....

0-06%

CON .J NLT
-20 -20 -20 .............. ... .............................

1 .. .. .. . ......... ..... .. . . .... .. .... ....
zAFT FIRT

S 7 ve 7 a .........3.... ....'v.........

1 ... .... . .. .. .. ......

.. .....

~FH0 3  ~ LT .

£ 0
0 1 2 3 4 5 6 7 a 9 to
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reamcE 46

DIRECTIONAL CONTROLLAUILITY

AVG AVG AVG AVG AVG TR
GRS CO LOCATION DENS ITY OAT ROTOR CALl VATED

WEIGHTy LONG LAT ALTITUDE SPEED AIRSPEE
(L.11) (FS) (IL11) (FT) (DEC C) (RPM) (KYS)

20100. 349. OM ID 0.3 LT -140 15.5 259 000

NOTE: 1. XM-130 VOLCANO SYSTEM INSTALLED (FULL CANISTERS)
2. 50 FT WHEEL HEIGHT

40

Dim -
20

20

4~ 20

2 ...............

0~

44? 0 .7 .7 .. .

...... ... . .......... :t ¼: u4••••••••

1.2 0.5 0.4 0.0 0.4 0.8 1.2
LEFT RIGHT

DIRECTIONAL CONTROL DISPLACEMENT FROM TRIM (INCHES)
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LEFT DIRECTIONAL STEP
UN-O&, VIA I/N 14-13943

AV A AlSl V AV g 1Wmum CALif~ m At AL AM
131W 343.4UIS 3.3 t1 -10 it's lit 1

0619 ta %0

N 334 ... ................

10 0 40o .. ...t..... .... .. ......... ..

so - o - ...................... .............

2as ..... ............... *

~- -1 0 -a ....... .......... ............. .......

0 - -n~ .......

RN.T

4 J 4 J - -----
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MIINE 46
1RuTi WKWCTONAI. UtPUN-eel VIA I/N 14.2313m

A M Of* AV# AV$ to V
L,4AUG N i $11 CA~rI

( ItsF) 00L (Fl) (kitC) u(In (k'it
1"" 341.1 oil 0.3 it -146 It.$ all

iou. ottg I I
l!"I IL11141 ? 111NEI
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UUP IL AT
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~PI ON ILLT
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A M4S MM ITT44

a~~ K-11 en:n H A inr I

NMI iMOWSOW 111I:11

BIG

TOh. TAL COLUPIVE 033111111 M% 3.3 1141=1

41~ TOTAL DIKITO CWITO 06413 11.,4 IN

i~3

TOTAL LAlML 03134 1MVK 9.7 INME

TOTAL LWISIUUINAL 01NIM1 1V9L 10. 111=11C

go 40 m4 in 10 0 IS 3 6 45 soIim 141111100ml
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A" L A"S A" A

I£1e' (Dj'r.) Ini" ISM .

ROMt 1. 0A101181"SNULAMB

4.TOTAL COLLECTIVECWROLNTRAVE~L a 9.4 INDIES

TOTAL. LATERAL NTROOI TRAVEL. * .7 INUE

TTLT1.0111110NAL CRO TRAVE 10.21INE

30 4 0 20 1O 0 10 10 30 40 so

TMEK AIRV (M0I0S) ON
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LOW IPW 315 MEN AZIMUTH FLIGHT CH1A*ACTERISTIC5
W44SA USA am' 4-MUS

Lot oral') (ml) A(rut)o (sC c)uWd fro
2510 ISA1.911 0.3 LT on 01mS 30 "OLow

N10T91 1. VIICAL LINES ODOR CONTROL ati0JNI

ES.S MA7W1 ME 00

"so-a ..mu....

4a

TOTAL CILLKIIVE CONTROL TIRAVEL u9.3 INOCH

7

4I! TOTAL DIROCTlSO CONTROL TRAVEL

4

.~,TOTAL LATLAL CONTNOL TRAVEL 9 .7 IN

OTLLNiTUSINAL CONTROL TRAVIEL *10.2 hONES

7

so 40 30 20 to 0 10 20 N 30 6 1
TRW AlRP (ItNOTS)
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FlowU 6i
SIMULATED SINGLE ENGINE FAILURE

"U A UISA 1/ 14-12391

Ag A" AV AVl A flot Cs NIU JEIAt FSI
ton LOCATIN 1,,q 11 U CAL 1 N1 11 CIWO4ILuH COMIIIIONIWO ~ ~ALTIAIAI1 A1491

(to) (rF) (It) Irv) (6We C) ( (KIS)
oo 3110.3111 6.3 o S0 N $161 26 in OH I VOLCANO LEVIL

SNOll SOLID
IASN 1:031 LINE
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FIGURE 53
SIMULATED SINGLE ENGINE rAILUNE

UN-44A USA S/N 64-23ISS

AVG AVG AV$ AVG Avg TI A filmF FLIOT
613 CO LOCATION OIN I AT 1110111 CALI114At 1S CON~Iio IoN "161111 COIUAIIN COS TINItoH t N LAt AL TBET SPE AIESPEE

(WU) VFS) (IL) (ri) (DIG c) (Rm) (KIII)
26116 341.7111 0.1 L0 5300 15.0 i5$ III ON VOLCANO LEVgL

SHORT toms SOLID
DASHl DASH LINE

*10 5 .. ...........I ......... ... ....

N 0 . . . . ... . . . . . . . .

I ... ... . .. . . . . . . .

.. .... . . ..

9 0 .. . . . .t .. . . . . . . . . . . .. . ... ......... ~

sso 6510.................. . . .

120 12so -, 20 ... ...............

30 N 90 * - 30 ............................

10 a 0 - z o..... ....

-t0 60 - -20 ... wq

6 ~ ~~~~ ~ ~ ~ cN.a............. ....

.......................... .............. ...... ........ ........ ........ .........I

= ---. ~ 11-

.. ...... .... .......
.. ...-. ....2 0 ... ........ . ....

0 2 4 a a 10 12 14 to 1 20
93 TIME - SEC.



FI#WS 14
SIMULATED SINCLE cisIN rAILUE

ISIS SI "4 14., SIN 8-3913YLCU

AIR -11L SOM80C119 CNN1l0 N

ININT Rl SU

A~ N
to .. . ... ..... ........h.. .................

a0o . . . . .. .. . ... .. .. .. ... ..... .

L ... .. . .. . .. ... .

2sosos........ .

Is ... ... I ... ..... . ...

30 30 - 30........ ......I.. ..... .. ...

ao _ 0 J-40 ................ ..........

,a0 to0

1 0 0 20 ......

.......ji....-...... ...........

J

0 2 4 6 1 10 12 24 to to 20
TIAt - SEC.
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FIGURE 55
SHIP AIRSPEED CALIBRATION

UH-6OA USA S/N 54-23953
AVG AVG AVG AVG

GROSS C.G. LOCATION DENSITY OUTSIDE TEST
SYM IGHT lONm LAT A TIT AI •R T . METHOT

(LI) (ES) (11L) (FEEUT) (DEG Q

o 15270 350.6 0.2 3350 13.5 TRAILING NW
& 18600 350.6 0.2 6200 17.5 TRAILING NM
O 17500 350.0 0.2 -10 16.0 O SPD CRSE

NOTES: 1. NORMAL UTILITY CONFIGURATION
2. LEVEL FLIGHT
3. BALL CENTERED TRIM CONDITION
4. MAIN ROTOR SPEED4-25 RPM

10

1206 - o

" 2POLYNO I AL CUJRVE FI T

iVCAL + 9.1120188
+ 0.94078 VIC

140 O .600795 X 1C2.
+0.0000057962 xVlC3

40

120

1 0 40 00 60 100 120 140 160

INDICATIED AIRSPEED (KNOTS)

s9o
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FIGURE 56
SHIP AIRSPEED CALIBRATION

UH-60A USA S/N 84-23953
AVG AVG AVG AVG

GROSS C.G. LOCATION DENSITY OUTSIDE TEST
WEIGHT LONG LAT ALTITUDE AIR TEMP. METHOD

(LB) (FS) (9L) (FEET) (DEC C)

20570 350.8 0.2 5200 6.5 TRAILING BOW

NOTES: 1. VOLCANO CONFIGURATION
2. LEVEL PLIGHT
3. BALL CENTERED TRIM CONDITION

4. MAIN ROTOR SPEED:258 RPM

10

10

POLYNOMIAL CURVE FIT
I•VCA L + 3.13191

+÷ 1.3W065 x VIC

140 0 .0074085 x V I C
+0.00003968 x vIC3

120 l

j .
4 J LINE OF ZERO CONRECTION

40 4 08 0 2 4 6

INDICATED AIRSPEED (KNOTS)
.4O
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APPENDIX F. PHOTOGRAPHS

Photograph Photograph Number

Test Aircraft 1 through 4
VOLCANO Mounti ing Hardware 5 through 7
Fixed Provision Mounting lboints 8 and 9
VOLCANO Launcher Racks 10 and 11
Launcher Racks with Canisters 12 and 13
Test Aircraft with VOLCANO Installed 14 and 15
Interface Control Panel 16
Ballast Locations 17 through 19
Instrumentation Package 20 and 21
External Modifications 22 through 23

97
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Photo 1. Front View, UN-60A Helicopter
with XI-139 VOLCANO Systm Installed

ma

Photo 2. Rear View, UH-60A Helicopter
with XR-139 VOLCANO System Installed
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Photo 3. Right Quarter View, UH-60A Helicopter
with XK-139 VOLCANO Systen Installed

Photo 4. Left Side View, UR-60A Helicopter
with XK-139 VOLCANO System Installed

L% L LP m Ik UW LU L L% uft19,



lusto S. Side View, VOLCANO Side Panel Inatalled
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Photo 14. Front Viev, VOLCANO Side Panel, Launcher lacks,, and ~I-88

(Practice) Minle Canisters Installed

IF7
Photo 15. Side View, VOLCANO Side Panel,, Launcher Racks, and XH-68

(Practice) Mine Canisters Installed
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FOCN oto

Photo 16. VOLCANO Interface Control PaneliInstalled Irn Cockpit Center
Console (Forward Left Corner Location)
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.~~ 

.:•-i" ..
... '." 

.. .% .: .......

Photo 17. Nose-Bay Ballast Mounting Location

Iw

.......

Photo 18. Floor Mounted Ballast Location Aft of Pilot Seats
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Photo 19. ~~Ballast Fixig rvuts to ur e ll

and Forward of Bulkhead
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Photo~~~~~~~ 20 Rih Vie of Tes .utuet o .nsta.lti.

Photo 21. Lefht View of Test Instrumentation Installation
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Phot 22 lom Sste Insalltio an No.-Noute Tipartu* Probe
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Photo 23. Main Rotor Instrumentation and Slip Ring Installation

Photo 24. Tail Rotor Instrumentation and Slip Ring Installation



Thoto 25. haorgency Crew Door Eandlos
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DISIRIBUTION

HQDA (DALO-AV, DALO-FDQ, DAI4"-I-S DAKA PPM-T, 6

DANA-RA, DAMA-WIA)

US Army Materiel Command (AMCDE-SA, AMCDE-P, A.CQA-SA, 4

AMCQA-ST)

US Army Training and Doctrine Command (ATCD-T, ATCD-l) 2

US Army Aviation Systems k .:remand (AMSAV-8, AHSAV-Q, 8

AMSAV-MC, AKSAV-NE, AMSAV-L, AMSAV-N, AMSAV-GTD)

US Army Test and Evaluation Command (ANSTE-TR-V, 2

ANSTE-TE-O)

US Army Loglatics Evaluation Agency (DALO-LEI) I

US Aruy Narer. el Systems Analysis Agency (AMXSY-RV, QMXSY-NP) 8

US Army Operational Test and Evaluation Agency (CSTR-AVSD-E) 2

US Army Armor School (ATSB-CD-rE) 1

US Army Aviation Center (ATZQ-D-T, ATZQ-CDC-C, ATZQ-TSM-A, 5

ATZQ-MSH-S, ATZQ-TSM-LH)

US Army Combined Arms Center (ATZL-TIE) I

US Army Safety Center (PESC-SPA, P3SC-SE) 2

US Army Cost and Econcaic Anallsis Center (CACC-AM) 1

US Army Aviation R~esearch and Technology ActIvity (AVSCCV) 3

NASA/Ames Pasearch Center (SA'VT-R, SAVRT-M (Librazy)

US Arty Aviation Research and Technology Activity (AVSCOM) 2

Aviation Applied Tcrthnologj Direatorate (SAVRT-TY-DRD

SAVRT-TY-TSC (Tech Lib.L,..y)



US Army Aviation Research and Technology Activity (AVSCOM)

Aeroflightdynamics Directorate (SAVRT-AF-D)

US Army Aviation Pesearch and Technology Activitv (AVSCOM)

Propulsion Directorate (SAVRT-PN-D)

Defense Technical Information Center (FDAC) 2

US Military Academy, Department of Mechanics 1

(Aero Group Director)

ASD/AFXT, AbD/ENF 2

US Army Aviation Development Test Activity (STEBG-CT) 2

Assistant Technical Director for Projects, Code: CT-24

(Mr. Joseph Dunn) 2

6520 Test Group (ENML) I

Commander, Naval Air Systems Command (AIR 5115B, AIR 5301) 3

Defense Intelligence Agency (DIA-DT-2D) I

Headquarturs United States Army Aviation Center and

Fort Rucker (ATZQ-ESO-L) 1

US Army Aviation Systems Command (AHSAV-EA) 1

US Army Aviation Systems Command (AMSAV-EC) 1

US Army Aviation Systems Command (AMSAV-EF) 1

US Army Aviation Systems Command (AMCPM-BH-T) 4

Project Manager, Mines, Countermines, and Demolitions

(ANCPM-MCD)


